Twenty-six strains of Penicillium islandicum Sopp were tested for production of a chlorine-containing peptide (Cl-peptide), which is a hepatotoxin. Highest levels of the mycotoxin were produced in a modification of Wickerham medium. The mycotoxin was isolated by adsorption on charcoal and, after washing the charcoal with acetone-water (1: 1), was eluted into n-butanol. Further purification was accomplished by gel filtration. Maximum yields were 10 to 20 mg of toxin per liter of culture filtrate.
Penicillium islandicum Sopp, one of the causes of yellow rice toxicosis, produces two hepatotoxins. One hepatotoxin is an anthraquinoid pigment, luteoskyrin, from the fungal mat. The other hepatotoxin is a chlorinecontaining cyclic peptide (Cl-peptide) from the culture filtrate (6) .
Long-term feeding experiments revealed that these two mycotoxins induced tumorous changes in the livers of mice (5) . Since large amounts of the mycotoxins were needed for toxicological tests, the authors determined the optimal conditions for the production of luteoskyrin and established a procedure for its isolation (4) .
As to the Cl-peptide mycotoxin, the content in the culture broth was very low, and the toxin-producing capability diminished during storage of the fungi. These factors hindered the development of a procedure for the production of Cl-peptide, and consequently toxicological studies were abandoned about 10 years ago.
Recently, the authors renewed their efforts to obtain a high yield of Cl-peptide. A photometric method for the estimation of minute quantities of Cl-peptide and a procedure for purification of the toxin by gel filtration were reported (1) . In the present paper, improved methods for cultivation of the fungus and extraction of Cl-peptide are described. In these methods, P. islandicum Sopp WF-38-12 was cultured on modified Wickerham medium, and crystalline Cl-peptide was isolated from the culture filtrate by a combination of charcoal adsorption, nbutanol elution, and gel filtration.
MATERIALS AND METHODS Strains of P. islandicum Sopp were generously supplied by H. Tsunoda (Food Research Institute), H. Kurata (Institute of National Hygienic Sciences), and M. Yamazaki (Chiba University). The fungal strains were inoculated and stored on malt-dextrose-agar slants or rice grains at 4 C.
Five hundred-milliliter Erlenmeyer flasks or petri dishes (21 cm diameter), each containing 200 ml of a liquid medium, were sterilized and inoculated with 1 ml of the conidial suspension. After stationary cultivation at 25 C for 14 days, the culture broth was filtered through filter paper and the fungal mat was dried overnight at 60 to 70 C. The media examined for ability to support production of Cl-peptide were: (i) Czapek medium; (ii) Czapek medium plus 1% peptone, yeast extract, malt extract, or corn steep liquor; (iii) Wickerham medium (2) modified by omitting glucose and increasing the sucrose content to 4%; (iv) malt dextrose medium; (v) Sabouraud medium; (vi) Mayer medium.
For toxicity tests, culture filtrates or fractions dissolved in water were administered intraperitoneally (i.p.) to male mice and lethality was determined 7 days after administration.
Chemical determination and gel filtration of Clpeptide were carried out by the methods previously reported (1). Luteoskyrin, after being extracted from the fungal mat, was detected on thin-layer chromatography (TLC) plates coated with 0.1 M oxalic acid-treated Kieselgel G; the solvents was acetone-nhexane-water (4:2: 1 vol/vol/vol).
RESULTS
Screening of the Cl-peptide-producing strains. Twenty-six strains of P. islandicum Sopp were cultured on Czapek medium, and the lethal toxicity of each culture filtrate was examined by i.p. administration to mice in doses of 0.25, 0.50, and 2.0 ml per 10 g of body weight; the 2.0-ml dose was a 10-fold concentrate of culture filtrate. Table 1 summarizes the toxicities of the culture filtrates as well as the yields of fungal mycelia and their relative contents of luteoskyrin. All of the fungal mycelia contained luteoskyrin, whereas the content of Cl-peptide in the culture filtrates differed markedly depending on the strain examined. The highest toxicity was observed with the strain WF-38-12, which killed all three test mice at an i.p. dose of 0.25 ml of filtrate/10 g of body weight. The livers of the dead mice were swollen two to three times larger than those of the control animals and were dotted with small red spots; these properties are characteristic of injury by Cl-peptide. times when administered to Examination of extraction procedures. Eighteen liters of culture filtrate from strain WF-38-12 was mixed with 360 g of 1 N HCltreated charcoal. After standing overnight at 4 C, the charcoal was removed from the culture filtrate and immersed in 5 liters of methanol for 14 h, followed by immersion in the same volume of n-butanol. The charcoal was removed by filtration and the yellow filtrate was evaporated to dryness; a brown material was obtained. Portions of the culture filtrate and methanol eluate were also evaporated to dryness. The dry matter content and lethal toxicity in mice of the culture filtrate and methanol and butanol eluates are shown in Table 2 . Out of 18 g of solids/liter of the culture filtrate, the methanol elution extracted 370 mg with a lethal toxicity of 50 mg/10 g. On the other hand, the solids content of the subsequent n-butanol eluate decreased to one-fourth that of the methanol eluate, but the lethal toxicity increased to 0.5 mg/10 g; about 38% of the total lethal toxicity in the culture filtrate was recovered in the nbutanol extract.
As previously reported (4), charcoal is nonspecific in its adsorption of organic metabolites from culture filtrates. Therefore, we attempted to remove the nonpeptide organic materials by washing the charcoal with various solvents and solvent mixtures before the toxin was eluted in n-butanol. We hoped thereby to increase the purity of toxin in the n-butanol extracts. The use of acetone-water (1: 1) was superior to methanol, methanol-water (1:1), undiluted acetone, or acetone-water (8:2) ( Table 3) .
P. islandicum produces substantial quantities of organic acids and other acidic metabolic products; some of these compounds are recovered in the n-butanol fraction. To remove these acids, the culture filtrate was treated with charcoal, the charcoal was washed with acetone-water (1:1), and the toxin was eluted with n-butaniol. The n-butanol fraction was then extracted with 1 M phosphate buffer (pH 7.0). The resulting upper n-butanol layer and lower buffer layers were separated and evaporated to dryness. The residues were then reextracted with hot methanol. The solids in the n-butanol extracts were equally distributed in the buffersoluble and n-butanol-soluble fractions ( Table  4) . The lethal toxicity, however, remained in the n-butanol fraction; this fraction is referred to as "crude toxin" in the present report. Examination of culture conditions. A variety of media were first examined. Two liters of each of the nine media listed in Material and Methods were prepared, divided into samples of 250 ml each, dispensed into eight petri dishes (12 cm in diameter) for each medium, and inoculated with strain WF-38-12. After cultivation at 25 C for 14 days, each pooled culture filtrate (from the eight dishes) was mixed with 20 g of acid-treated charcoal. The charcoal was washed with 400 ml of acetone-water (1:1), followed by extraction with 400 ml of n-butanol. The final pH values, weights of the dried fungal mats and dry matter in the n-butanol extracts, and toxicities of the final preparations are summarized in Table 5 . Czapek medium supplemented with peptone or yeast extract and Sabouraud medium supported rapid fungal growth, but the toxicity and the yield of the n-butanol extract were highest when the fungus was cultured on modified Wickerham medium (40 g of sucrose, 3 g of peptone, 2 g of yeast extract, 10 g of corn steep liquor, 2 g of NaNO3, 1 g of K2HPO,, 0.5 g of MgSO4.7H20, 0.5 g of KCl, and 0.01 g of FeSO, in 1,000 ml of water).
On the other hand, TLC analyses revealed that the relative content of luteoskyrin in the fungal mat was highest when the fungus was cultured on unsupplemented Czapek medium.
To determine the time course of Cl-peptide production, P. islandicum Sopp WF-38-12 was cultured on modified Wickerham medium; at desired intervals, 2.4 liters of the culture was withdrawn to estimate the lethal toxicity of the culture filtrate, dry weight of the fungal mat, and content of the sugar added to the medium.
Maximum growth of the fungus was attained after 8 days (Fig. 1) . Carbohydrate utilization was coincident with fungal growth. The toxicity of the culture filtrate increased during the later stages of cultivation; maximum levels were reached by day 14 and persisted through day 20.
The amino acids which constitute Cl-peptide
L-a-amino-butyric acid, L-proline) were added to modified Wickerham medium at the initial or middle stages of fungal growth. Levels tested were 100 mg of each amino acid individually per liter and a mixture containing 100 mg of all four amino acids per liter. Amino acid supplementation did not increase the toxicity of the culture filtrate.
Purification and isolation of Ci-peptide. To prepare a large amount of Cl-peptide, P. islandicum Sopp WF-38-12 was cultured in 100 petri dishes (21 cm in diameter), each containing 250 ml of modified Wickerham nedium. Three grams of the crude toxin was obtained. The crude toxin was placed on a Sephadex LH-20 column (4.5 by 90 cm) and, as was previously reported (4), Cl-peptide was eluted with methanol-water (1:1) at a flow rate of 20 ml per fraction per 30 min. The elution of Cl-peptide was followed by measuring the optical density at 268 nm before and after ammonolysis with 2 N NHOH (1). Gel filtration of the crude peptide gave a sharp peak in fractions 76 to 86 and the ultraviolet spectrum of the maximum peak at no. 80 was identical to that of the ammonolized Cl-peptide (1) (Fig. 2) (4) , the media supplements accelerated fungal growth and production of Cl-peptide, whereas the luteoskyrin contents of the fungal mycelia decreased. Furthermore, according to Tsunoda et al. (3) , the toxicity of cereals infected with P. islandicum varies markedly, depending upon the cereal used. These results strongly suggest that the production of two hepatotoxins by P. islandicum is influenced by the contents of carbohydrates and nitrogenous nutrients in culture media.
We introduced the following two steps in the improved procedure for isolation of Cl-peptide: (i) washing with acetone-water of charcoal containing adsorbed Cl-peptide to remove nonpeptide materials before eluting the Cl-peptide; and (ii) using n-butanol to elute Cl-peptide (Table 2) . In some cases, the Cl-peptide in crude toxin preparations could be crystallized without gel filtration. However, when the crude toxin preparations were chromatographed on Sephadex, the yields of crystalline Cl-peptide increased about three times. Therefore, gel filtration is considered to be an important step for preparation of Cl-peptide in large quantities. The improved procedure for isolation and production of Cl-peptide is schematically represented in Fig. 3 .
